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Left Ventricular Outflow Obstruction After Aortic Valve Replacement:
Detection With Continuous Wave Doppler Ultrasound Recording
HAROLD S. WILKES , MD, MARVIN BERGER, MD, FACe, PETER E. GALLERSTEIN , MD, FACC ,
RUSSELL L. BERDOFF, MD, EMANUEL GOLDBERG, MD, FACC
Nell' York, Ne w York
A 33 year old woman developed left ventricular outflow
obstruction due to a fibrous subvalvular membrane 2
years after insertion of a Hancock modified orifice, por-
cine aortic valve prosthesis. M-mode and two-dimen-
sional echocardiographic studies failed to detect the
membrane. Continuous wave Doppler study revealed a
maximal velocity of 4.8 m/s and a calculated peak pres-
sure gradient of 92 mm Hg between the left ventricle
Prosthet ic valve malfunction remains a significant problem
despite continued improvement in cardiac surgical tech-
niques and prosthetic valve design . Recognition of this prob-
lem may be difficult solely on the basis of clinical findings.
Noninvasive techniques such as echocardiography , echo-
phonocardiography and cinefluoroscopy frequentl y provid e
valuable diagnostic information. Unfortunately, these tech-
niques may fail to detect abnormalities in a substantial num-
ber of patients with malfunctioning prosthetic valves (1,2) .
Recently, Doppler ultrasound has been utilized to eval-
uate valvular function (3,4). Examination of the aortic valve
with pulsed Doppler echocardiography can usually distin-
guish between stenotic and normal valves , but quantification
of the degree of stenosis is not always possible (5). Con-
tinuous wave Doppler ultrasound studies are capable of
quantitating the high velocity transvalvular flow that is pres-
ent in patients with aortic stenosis . The gradient between
the left ventricular cavity and the aorta can be calculated
from this information (4 ,6). This report illustrates the use-
fulness of continuous wave Doppler recording in a patient
with an unusual form of aortic stenosis developing almost
2 years after insertion of a Hancock porcine aortic valve.
From the Department of Medicine. Divisron of Cardiology. Beth Israel
Medical Center, andtheDepartmentof Medi cmc, TheMount Smai School
of Medicine of the City University of New York, New York, New York .
Manuscript received August 10. 1982, accepted September 8, 1982
Address for reprints: Marvm Berger, MD, Beth Israel Medical Center.
10 Nathan D. Perlman Place, New York. New York 10003.
©1983 by the American College of Cardiology
and aorta. This finding was in close agreement with the
peak gradient of 100 mm Hg obtained at cardiac cath-
eterization. Because of its ability to accurately measure
valvular gradients, continuous wave Doppler ultrasound
study appears to be a useful noninvasive technique in
the evaluation of patients with suspected prosthetic valve
dysfunction.
Methods
The Doppler ultrasound study was performed using a com-
mercially available Doppler instrument (PEDOF) interfaced WIth
an Irex System II strip chart recorder. The instrument was operated
at an ultrasonic frequency of 2 MHz in the continuous mode (which
allows for an accurate measurement of blood flow velocities up to
6 m/s) , Also recorded were the mean velocity which indicates
direction of flow, and the amplitude of the Doppler signal which
is capable of detecting the opening and closing time of the cardiac
valves. An audio signal corresponding to the frequency shifts oc-
curring along the sound beam is helpful in positioning the trans-
ducer. A simultaneous electrocardiogram and phonocardiogram
were also recorded.
Recordings were obtained with the patient supine and the trans-
ducer at the suprasternal notch directed inferiorly toward the aortic
valve. The transducer was angled until the highest frequency sounds
from the aortic jet were found. The peak pressure gradient across
the aortic valve was calculated from the maximal velocity deter-
mination by applying the formula (7):
l'"P = 4 X v:
where l'"P is the pressure gradient and Y is the maximal flow
velocity recorded across the aortic valve in meters per second.
Previous reports (6-8) have validated this method of calculating
valve gradients.
Case Report
A 33 year old woman with rheumatic heart disease and severe
congestive heart failure underwent aortic valve replacement with
a 19 mm Hancock modified orifice porcine prosthesis and rrutral
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valve replacement with a 25 mm Hancock porcine prosthesis in
October 1979. The transaortic valvular gradient measured at the
time of surgery was 10 mm Hg. She made an uneventful recovery
and remained well until August 1981 , when she developed exer-
tional dyspnea, chest pain and dizziness.
Physical examination revealed a harsh grade 4/6 aortic systolic
ejection murmur that radiated to both carotid arteries. M-mode
and two-dimensional echocardiographic studies did not reveal any
abnormalities of the mitral or aortic prosthetic valve. Septal mo-
tion was paradoxical and left ventricular function was normal.
Cinefluoroscopy failed to detect any abnormalities of either porcine
valve. A continuous wave Doppler ultrasound recording revealed
a maximal flow velocity of 4.8 mls and a calculated peak pressure
gradient between the left ventricle and aorta of 92 mm Hg (Fig.
I, left). Cardiac catheterization performed I week later revealed
a peak aortic gradient of 100 mm Hg, with a calculated aortic
valve orifice of 0.5 ern". The mitral valve diastolic gradient was
12 mm Hg and there was no mitral or aortic regurgitation.
The patient underwent reoperation in October 1981, and the
porcine aortic prosthesis appeared to be normal with no calcifi-
cationof the leaflets (Fig. 2). The valve was then excised, exposing
a discrete fibrous ring immediately beneath the prosthesis ob-
structing about one-third of the internal orifice of the valve. This
fibrous ring measuring 3 to 4 mm in width and 2 mm in thickness
was excised (Fig. 3). A 19 mm Bjork-Shiley aortic valve prosthesis
was inserted with a transvalvular gradient of 10 mm Hg. The
patient did well postoperatively and a repeat Doppler ultrasound
study 3 weeks after surgery revealed a maximal flow velocity of
2.6 m/s in the ascending aorta and a peak gradient of 27 mm Hg
(Fig. I, right). Ten months after surgery the patient remains well.
Discussion
Failure of echocardiogram to detect the subvalvular
membrane. Although echocardiography and phonocar-
diography can frequentl y detect prosthetic valve dysfunc-
tion, their sensitivity varies and is somewhat dependent on
the type of prosthetic valve being evaluated. The echocar-
diogram appears to be especially useful in the evaluation of
the Hancock bioprosthetic valve. Previous echocardio-
graphic studies (9,10) in patients with porcine valves have
shown that when abnormalities such as thickened leaflets,
reduced leaflet excursions, sewing ring dehiscence, flail Iea-
flets and vegetations are present, they can usually be de-
tected. Two-dimensional echocardiography appears to be
superior to the M-mode technique in this group of patients.
In the present case, the clinical find ings suggested a mal-
functioning aortic valve prosthesis. However, no abnor-
malities were detected by M-mode or two-dimensional echo-
cardiography. The absence of abnormalities can be readily
explained by the normal leaflets found at surgery. Failure
of the echocardiogram to detect the subvalvular membrane
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Figure I. Continuous wave Doppler recording of
aortic flow velocity with the transducer at the su-
prastern al notch . Left. preoper ative study showing
maxrmal velocity of 4 .8 rn/s and a calc ulated peak
lransaortic valvular gradient of92 10m Hg Right,
postope rative study show ing max ima l velocity of
2.6 rn/s and a peak transao rtic valvular gradie nt of
27 10m Hg AC = aortic clos ure; AO = aortic open-
ing; ECG = electrocardiogram. max = maximal .
phono = phonoca rdiogram. sm = systolic murmur;
vel = velocity.
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Figure 2. Porcine aortic prosthetic valve showing normal-appearing leaflets.
is also not surprising because the membrane was only 2 mm
thick and was situated so close to the prosthetic valve sewing
ring that it probably could not be delineated as a separate
structure. After the surgical findings became known, the
preoperative two-dimensional echocardiogram was care-
fully reviewed to determine if the subvalvular membrane
could be visualized retrospectively; again, no evidence of
the membrane was found.
Continuous wave Doppler ultrasound study. In con-
trast to the echocardiogram, the Doppler examination proved
to be extremely helpful in this patient. With continuous wave
Doppler ultrasound the aortic valve gradient was accurately
Figure 3. Excised subvalvular ring.
measured. Although this technique has not yet come into
widespread use, its value as a noninvasive method of cal-
culating valvular gradients in aortic and mitral stenosis has
been well documented (6-8). Several investigators have also
shown the potential value of Doppler ultrasound recording
in evaluating prosthetic valve dysfunction. Caputo et al.
(II) found pulsed Doppler echocardiography extremely helpful
in the diagnosis of aortic and mitral prosthetic valve incom-
petence. Hatle and Angelsen (12), in addition to detecting
paravalvular regurgitation, were able to accurately measure
valvular gradients in one patient with a thrombosed Bjork-
Shiley mitral valve prosthesis and in another with a stenotic
Hancock porcine tricuspid valve prosthesis.
Left ventricular outflow obstruction due to a subvalvular
membrane is an unusual complication of aortic valve re-
placement. It was first described in 1973 in two patients
with a Starr-Edwards prosthetic valve (13). Surgical tech-
nique was implicated as the inciting event in the formation
of the membrane, but the exact pathogenesis remains un-
clear. More recently, Roberts (14) described the necropsy
findings in more than 600 hearts containing one or more
prosthetic valves. In this large series, there were no instances
of a subvalvular membrane, attesting to the infrequent oc-
currence of this complication.
Doppler ultrasound study and echocardiography com-
plement each other in the evaluation of patients with sus-
pected prosthetic valve dysfunction. Echocardiography pro-
vides information about structural abnormalities and Doppler
ultrasound examination can detect hemodynamic abnor-
malities such as valvular stenosis or regurgitation. When
used in combination, these techniques provide a more com-
prehensive noninvasive approach to the assessment of pros-
thetic valve function.
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